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1. Supplementary Figures
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[bookmark: _Hlk127283910][bookmark: _Hlk127283731][bookmark: _Hlk127303913][bookmark: OLE_LINK19]Supplementary Figure 1. A diagram illustrated the cGAS-STING pathway plays a crucial role in cancer-immunity cycle. In tumor cells, the aberrant DNA accumulation generated from different sources can stimulate cGAS-STING pathway, induced the secretion of type I IFNs and SASP to promote tumor suppression. In addition, tumor-derived cGAMP or DNA induced the activation of cGAS-STING pathway in DCs, which upregulated the secretion of type I IFNs and enhanced the activation of CD8 /NK cells to mediate anti-tumor response. Based on the crucial role of the cGAS-STING pathway for the crosstalk with tumor cells and immune cells nearby, we hypothesized that the cGAS-STING-related genes or proteins may also provide potential immunoregulatory effect in breast tumor microenvironment.
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[bookmark: OLE_LINK1]Supplementary Figure 2. Identifying the 11 prognostic-related genes in BRCA. (A) The univariate Cox regression analysis estimated the HR for OS based on the 35 DEGs of CSRGs. Hazard ratio’s 95% CI excluded 1 and P < 0.05 are regarded as conditions.
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[bookmark: _Hlk119753852][bookmark: _Hlk121574770]Supplementary Figure 3. The association between the 11 prognostic DEGs with OS in patients from the TCGA dataset. (A-K) Kaplan–Meier analysis presented the independent survival curve of PYCARD (A), POLR2K (B), NFKBIE (C), PYKDC (D), JUN (E), IL33 (F), IL18 (G), IFNG (H), HSPA8 (I), EIF2AK2 (J), CCL5 (K).

[bookmark: _GoBack][image: ]Supplementary Figure 4. The differential expressions of the 10 prognostic DEGs besides POLR2K in breast normal and tumor tissues. (A-J) Representative IHC staining images from the HPA database showed the protein levels of PYCARD (A), NFKBIE (B), PYKDC (C), JUN (D), IL33 (E), IL18 (F), IFNG (G), HSPA8 (H), EIF2AK2 (I), CCL5 (J).
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Supplementary Figure 5.  The consensus clustering analysis based on the expression level of 11 prognostic genes in 1080 patients from TCGA database. (A) Heat map showed the expression level of 11 prognostic genes in the two clusters. (B-C) KEGG/GO analysis enriched the top 10 biological process, cellular component, molecular function and pathway of DEGs in the two clusters.
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[bookmark: _Hlk127110969]Supplementary Figure 6. Construction of the CSRGs prediction model via the machine learning-based integrative procedure. (A) The C-index of eight composite models in training dataset and testing datasets.
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[bookmark: _Hlk118030881]Supplementary Figure 7. The identification of infiltrating immune cells in TME of BRCA. (A) The infiltrated proportion of the 22 human immune cell subpopulations was assessed by using the CIBERSORTx algorithm.
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Supplementary Figure 8. Estimating the interrelation between risk score and tumor immune dysfunction and exclusion. (A) Scatter diagram displayed the linear relation of TIDE score and risk score in breast cancer.
2. Supplementary Table

Supplementary Table 1. The mechanism and function of the 11 cGAS-STING related genes
	Gene
	Mechanism and Function

	POLR2K
	POLR2K is a cellular important antioxidant signal [1], associates with the transport of respiratory electrons and signaling NGF from PPI network [2]. Studies reported POLR2K is related to immunotherapy of breast cancer by using molecular descriptors and artificial neural networks [3].

	PYCARD
	PYCARD codes for the ASC adaptor protein required for assembly of the majority of canonical inflammasomes [4], plays important role in breast cancer including immune modulation [5], DNA methylation levels [6], apoptosis regulation [7].

	HSPA8
	HSPA8 represents extracellular vesicles and particles (EVPs) marker [8], associates with poor metastasis-free survival [8] and early relapse [9] in breast cancer.

	NFKBIE
	[bookmark: OLE_LINK2]NFKBIE is a negative regulator of NF-κB [10, 11]. The mutant variants of NFKBIE activate the TNFα/NF-κB pathway and contributes to a favorable anti-PD1 treatment response in mutational [10]. NFKBIE also as immune-related gene predicts breast cancer patient survival [12, 13].

	EIF2AK2
	Eukaryotic translation initiation factor 2α kinase 2 (EIF2AK2) is one of the 4 mammalian kinases [14] and activated by double-stranded RNA (dsRNA) during viral infections [15], which has been reported that suppresses the metastatic capabilities of several types of cancer cells, including breast cancer [16].

	JUN
	JUN (c-Jun, Jun-B, and Jun-D) is a major component of the heterodimeric transcription factor AP-1 [17, 18]. c-Jun regulates migration and invasion [19] and relates to endocrine therapies and tumorigenesis [20] in breast cancer.

	CCL5
	Chemokine CCL5 plays a crucial role in breast cancer tumorigenesis and progression [21], which participates in the recruitment of immune cells, induces immunosuppression and favoring tumor progression [21, 22].

	IL18
	IL-18 activates cytotoxic T cells (CTLs) or NK cells to produce IFN-γ and contribute to tumor immunity [23]. In breast cancer, the increase of IL18 level controls tumor progression [24], influences YAP1 expression via IFN-γ production. It also has positive association with clinical outcome [25].

	IL33
	[bookmark: _Hlk126921494][bookmark: _Hlk126921228][bookmark: _Hlk126921594]IL-33 exerts pro-tumorigenesis in various cancers [26]. For instance, IL33 induces endocrine resistance of breast cancer by promoting cancer stem cell properties [27], promotes breast cancer growth and metastases by facilitating intra-tumoral accumulation of immunosuppressive and innate lymphoid cells [28]. Induction or recombinant IL-33 promotes immune checkpoint blockade (ICB) treatment in breast cancer [29].

	PRKDC
	PRKDC has been regarded as a new biomarker and drug target for ICB immunotherapy [30]. PRKDC participates in the DNA damage response [31], regulates chemosensitivity [32] and mediated p38-MAPK signaling [33] in breast cancer, and high expression of PRKDC is associated with poor survival of breast cancer patients [33].

	IFNG
	IFNG (IFN-γ) signaling augments immune function and antagonizes both T cell and innate immune responses in various tumor cells [34]. IFN-γ as ferroptosis-associated gene predict breast cancer prognosis [35]. High enriched CD8 cells enhance IFN-γ response and associate with better survival in TNBC [36]. 
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